Abstract. Nuclear factor I (NFI) is a transcription factor playing wide role in signal transduction pathways and developmental processes in higher eukaryotes. In order to produce recombinant NFI proteins for functional and structural studies, full length cDNAs of individual isoforms were subcloned into pETM30 vector and expressed in Escherichia coli. Although the fusion proteins containing both glutathione S-transferase (GST) and His 6 tags at the N-terminus could be overexpressed in detectable amounts, they were found mainly, if not exclusively, in insoluble form. Purification yield was improved by modification of cell disruption procedure and by the use of detergent Tween 20. The final purification strategy represents a triple affinity chromatography consisting of prepurification of bacterial lysate on Heparin-Sepharose with subsequent immobilized metal affinity and glutathione affinity chromatography. Heparin chromatography was crucial for obtaining active NFI proteins, whereas the other steps significantly improved the purity of isolated proteins. As demonstrated by EMSA and DNase I protection assay, the recombinant proteins were able to recognize their cognate DNA sequences.
Introduction
Adenine nucleotide translocators (ANTs) belong to a large family of mitochondrial membrane carriers (Fiore et al. 1998) . ANTs catalyze the exchange of mitochondrial ATP for cytosolic ADP, thus playing an important role in sensing the mitochondria/cytosolic energetic gradient. Translocators have also been implicated in apoptotic processes through their involvement in mitochondrial permeability transition pore (Halestrap and Brenner 2003) . Human ANTs are encoded by four genes: ANT1, ANT2, ANT3 and ANT4 (Fiore et al. 1998; Dolce et al. 2005) . The ANT2 isoform is unique as its expression is tightly regulated by the growth and differentiation status (Barath et al. 1999a) . We recently described a unique role for the transcription factor -nuclear factor I (NFI) as an active repressor of ANT2 in growth-arrested cells (Luciakova et al. 2003 (Luciakova et al. , 2008 . NFI was initially discovered as a protein in uninfected human HeLa cells required for replication of adenoviral DNA (Nagata et al. 1982) . Later data indicated that the same protein was involved in transcriptional regulation of many cellular genes (Jones et al. 1987 ). In addition, NFI has been implicated in growth and developmental processes through the recognition of gene promoters regulated by signal transduction pathways (reviewed by Gronostajski 2000) .
In vertebrates, NFI proteins are encoded by four isogenes (nfi-a, nfi-b, nfi-c, nfi-x) and exist in multiple splice variants. In C. elegans and Drosophila, nfi gene is present in a single copy and no nfi genes were found in unicellular organisms. The NFIs recognize palindrome consensus sequence 5´-TTGGC(N5)GCCAA-3´ and interact with the DNA as a dimer, either homo-or heterodimer. NFI can also bind specifically to individual half sites but with reduced affinity as compared to the palindrome consensus sequence . NFI proteins bind DNA through conserved N-terminal domain. Recent data show that the N-terminal domain of NFIs shares functional and structural homology with the MH1 domain of Smad proteins containing similar conservative Cys-His motif with zinc binding potential (Sadreyev and Grishin 2003; Stefancsik and Sarkar 2003) . The C-terminal part contains effector domains and exhibits high degree of variability due to low sequence homology and alternative splicing (Gronostajski 2000) . It has been shown that the individual NFI isoforms can activate or repress transcription of genes depending on promoter and cellular context. For example, NFI-A1 and NFI-B2 are activators, whereas NFI-C2 and NFI-X2 are repressors of α-sarcoglycan gene in myoblasts. Alternatively, all of them act as activators in myotubes, with NFI-C2 the least potent (Delgado-Olguín et al. 2004) . Posttranslational modifications of NFI proteins can further modulate their function. So far, phosphorylation (Cooke and Lane 1999; Nilsson et al. 2006; Sawada and Yamaguchi 2006) and glycosylation (Kane et al. 2002; Mukhopadhyay and Rosen 2007) were detected, which affected DNA binding affinity or the ability of NFIs to interact with other proteins.
Disruption studies have revealed that NFI transcription factors are essential for proper embryonic development. Knockdown of NFI-A expression by siRNA prevented the expression of the markers of gliogenesis in chick central nervous system (Deneen et al. 2006) . Other studies performed in mice deficient in individual NFI isoforms found NFI-B as important factor for lung maturation (Steele-Perkins et al. 2005) , while NFI-C was essential for teeth differentiation (Park et al. 2007 ) and NFI-X was crucial for normal brain development (Campbell et al. 2008) . Different phenotypes of NFI knockouts can not be fully explained by tissue specific expression of individual isoforms (Chaudhry et al. 1997 ). More likely, transcriptional regulation is achieved through interactions of individual NFI with different protein partners.
So far, isolation of soluble full length and intact NFI proteins for functional and proteomic studies has not been published. In the present study we report bacterial expression and purification of recombinant full length NFI proteins. We expressed all four NFI isoforms (-A, -B, -C and -X) as fusion proteins with N-terminal His 6 -and glutathione S-transferase (GST)-tags. We also produced antibodies recognizing NFI proteins for immunodetection and immunoprecipitation. The protocol described in this paper is prerequisite for identification of NFI partner proteins from mammalian cellular and/or nuclear extracts. This information will help to dissect the role of NFI in signal transduction pathways and developmental processes.
Materials and Methods
Plasmids cDNAs encoding NFI-A1, -B2, -C2 and -X1 were kindly provided by Dr. M. Imagawa (Graduate School of Pharmaceutical Sciences, Nagoya City University, Nagoya, Japan). The coding region of individual NFIs was recloned into the expression vector pETM30 (EMBL, Heidelberg, Germany). To obtain the NFI-B2 DNA binding domain (DBD) construct, NcoI/KpnI fragment from pETM30 vector was cloned into pETM11 vector using the NcoI and KpnI restriction sites.
Expression of recombinant NFIs
To express recombinant NFI proteins, bacterial strain BL21 Rosetta (DE3) pLysS containing the corresponding vectors was grown in LB medium supplemented with kanamycin (25 μg/ml) at 37°C until OD 600 reached 1.0. Expression of proteins was induced by addition of 0.1 mmol/dm 3 IPTG and carried out for 3 h at 25°C. Cells were harvested by centrifugation and stored at -20°C. To produce His 6 tagged NFI-B2 DBD protein in form of inclusion bodies, the expression was carried out overnight at 37°C.
Alternatively, recombinant NFI proteins were produced in autoinducing medium. The bacterial cultures were grown to saturation (OD 600 ≅ 6) overnight at 30°C in ZYM-5052 media (Studier 2005) . Cells were harvested and stored at -20°C.
Purification of NFI-B2 DBD
Pelleted bacteria containing expressed NFI-B2 DBD were resuspended in PBS with 5 mmol/dm 3 MgCl 2, 1 U/ml DNase, 1mg/ml lysosyme and incubated on ice for 20-30 min. Cells were intensively sonicated and centrifuged. Pellet was resuspended in 50 mmol/dm 3 Tris-HCl (pH 8.0), 1 mmol/dm 3 EDTA, 100 mmol/dm 3 NaCl, 1 mg/ml lysosyme and incubated 20 min at 37°C. MgCl 2 to 5 mmol/ dm 3 and DNase to 1 U/ml were added and incubated for additional 5 min at 37°C. Cell suspension was sonicated and NaCl and TritonX-100 were added to final concentrations of 1 mol/dm 3 and 1%, respectively. After centrifugation (15 min at 7800 × g) the pellet containing inclusion bodies was resuspended in a minimal volume of sterile water. Inclusion bodies were solubilized in buffer U (PBS, 8 mol/dm 3 urea) and incubated overnight at 4°C. Insoluble particles were separated by centrifugation as before. Soluble fraction was supplemented with 10 mmol/dm 3 imidazole and 5 mmol/ dm 3 β-mercaptoethanol. The sample was applied on Ni 2+ HiTrap Chelating column (GE Healthcare), washed with 10 mmol/dm 3 imidazole in buffer U and eluted with 300 mmol/dm 3 imidazole in buffer U. Fractions containing the target protein were pooled, diluted twice with 8 mol/dm recombinant protein by SDS-PAGE. Three fractions with the highest protein concentration were pooled and dialysed against water overnight at 4°C. Precipitated sample was stored at -20°C for immunization purposes.
Preparation of NFI antibodies
Rabbit was intramuscularly immunized with suspension of purified NFI-B2 DBD (0.7 mg of protein in 1 ml H 2 O) mixed with complete Freund's adjuvant. On days 22 and 31 the immunization was repeated as before with NFI-B2 DBD in incomplete Freund's adjuvant. Immune serum was collected on day 41 and stored at -20°C.
Immunoglobuline (IgG) was isolated from immune serum according to the manufacturer's instructions using HiTrap Protein-A Sepharose column (GE Healthcare). Samples eluted with 0.1 mol/dm 3 citric acid of pH 3.5 were immediately neutralized by addition of Na 2 HPO 3 to final pH 7.4. Fractions with the highest IgG concentration were pooled, supplemented with 0.01% sodium azide and stored at 4°C.
Purification of recombinant NFI proteins
Pelleted bacterial cells were resuspended in PBS containing 5 mmol/dm 3 MgCl 2 , 1 U/ml DNase, 1 mg/ml lysosyme, 0.02% Tween 20 and supplemented with protease inhibitors (0.1 mmol/dm 3 PMSF, 1 μg/μl pepstatin, 1 μg/μl leupeptin) and with 1 mmol/dm 3 β-mercaptoethanol. When testing alternative disruption protocols, individual components were modified (for details see Results). Cells were disrupted by sonication, centrifuged and the supernatant was applied on Heparin-Sepharose. The column was washed with binding buffer (PBS with 0.02% Tween 20, 1 mmol/dm 3 β-mercaptoethanol and protease inhibitors as before) and the proteins were eluted stepwise with 0.25 mol/dm 3 and 0.55 mol/dm 3 NaCl in the binding buffer. The two fractions (E1, E2) were individually applied to Ni-Sepharose resin. The column was washed with binding buffer containing 10 mmol/dm 3 imidazole and the recombinant protein was eluted with PBS containing 0.02% Tween 20 and 0.2 mol/dm 3 imidazole. Protein samples (soluble fraction from cell lysate, NiSepharose fractions or heparine fractions E1 or E2) were transferred onto Glutathione-Sepharose resin (Amersham) and washed with the binding buffer. The target protein was eluted with PBS containing 0.02% Tween 20 and reduced glutathione (10 mmol/dm 3 , pH 8.0).
SDS-PAGE and Western blot analysis
Protein samples were separated by 4% stacking/10% separating slab gel as described by Laemmli (1970) . After electrophoresis, the gels were either stained with Commassie Blue staining (CBB)-R250 or electroblotted onto Hybond ECL membrane (Amersham Biosciences). Membranes were incubated with diluted NFI immune serum (1 : 500) and developed with SuperSignalWest Pico chemiluminescent substrate (Pierce).
Electrophoretic Mobility Shift Assay (EMSA)
EMSA was performed according to Luciakova et al. (2003) . Briefly, tested protein samples (approx. 10 ng of purified recombinant NFI) were incubated with radiolabeled ( 32 P) double stranded DNA oligonucleotide NFI WT (5´-TTTTGGATTGAAGCCAATATGATA-3´). In the case of supershift experiment, 2 μg of purified IgG (see above) were added to the reaction mixture. Protein-DNA complexes were separated by native electrophoresis in Tris-borate buffer. Gels were dried and subjected to autoradiography and/or phosphoimaging using Typhoon Scanner (GE Healthcare).
DNase I protection assay
End-32 P-labeled DNA promoter fragment was amplified by PCR using plasmid pCAT ANT2 -542/-235 as a template. The assay was performed according to Barath et al. (1999b) . 50 ng of recombinant NFI protein was used in a single reaction mixture. Partly digested probe by DNase I was analysed by denaturing sequencing gel and visualized by phosphoimaging and/or autoradiography.
Results
Recombinant NFI proteins (NFI-A1, -B2, -C2, and -X1) were created by subcloning the individual rat cDNAs into the pETM30 vector. The N-terminus of the target protein was fused with double affinity tag (His 6 and GST) separated by cleavage site for TEV protease. After IPTG induction and cell disruption, the soluble and insoluble protein fractions were analyzed by SDS-PAGE. Molecular masses of expressed recombinant proteins corresponded to the expected values (86 kDa for GST-NFI-A1, 86 kDa for GST-NFI-B2, 80 kDa for GST-NFI-C2 and 79 kDa for GST-NFI-X1), but the proteins were found in insoluble fractions (Fig. 1, left  upper panel) . In order to improve solubility, alternative protocol for protein induction was tested. The autoinducing medium ZYM-5052 contains 0.2% lactose and 0.05% glucose which allows gradual switch from glucose to lactose metabolism during the bacterial growth (Studier 2005) . The onset of lactose utilization is accompanied with expression of recombinant protein, which often leads to production of soluble proteins. In spite of the slower protein production, recombinant NFI proteins were again found in insoluble form (Fig. 1, right upper panel) .
Cultivation temperature during protein production is a well described factor influencing solubility of the target protein. We tested decreased temperatures (down to 16°C) in both IPTG and lactose driven induction protocols with no success in obtaining soluble recombinant protein. In parallel to our bacterial expression trials, we also tested NFI expression in yeast Pichia pastoris but failed to produce soluble protein (data not shown).
However, we used expressed DBD of NFI-B2 to produce general NFI antibodies. The protein in form of inclusion bodies was solubilized and purified under denaturing conditions using Ni-Sepharose and SP-Sepharose. Specificity of immune serum was confirmed by Western blot using purified antigen and mammalian nuclear extracts (Fig. 2) . The DBD is the most conserved part of NFI proteins, therefore the antibodies recognize all four isoforms with similar affinities (Fig. 1, lower panels) . Western blot analysis also confirmed the insolubility of expressed recombinant proteins from the previous experiments (Fig. 1) .
Protein aggregation often results from hydrophobic interactions which may be decreased in the presence of detergents. For GST fusion proteins, a combination of N-lauryl-sarcosine with Triton-X100 has been shown to improve solubility of the target proteins (Frangioni and Neel 1993) . At the same time, presence of detergents supports disruption of host cells which results in higher amount of starting material for protein purification.
Bacteria expressing NFI-A1 were sonicated in the presence of N-lauryl-sarcosine followed by the addition of Triton-X100. The lysate was further purified either on Ni-Sepharose or Glutathione-Sepharose resins. Fractions eluted from the Ni-Sepharose column contained recombinant NFI-A1. On the other hand, we could not detect any protein eluted from Glutathione-Sepharose (Fig. 3) . GST tag was not recognized even when purified NFI-A1 from Ni-Sepharose was applied to glutathione resin (data not shown). These observations sug- Figure 1 . SDS-PAGE and Western blot analysis of the protein samples from bacteria overexpressing NFI-A1, -B2, -C2, and -X1. Expression of GST and His 6 tagged fusion proteins was induced either by IPTG (left panels) or by autoinduction medium (right panels). The upper panels represent CBB stained SDS-PAGE gels, whereas the lower panels show the Western blot analysis using NFI-B2 DBD immune serum prepared in this paper. Bacteria were disrupted by sonication and soluble (S) and insoluble (I) material was separated by centrifugation. Lane N represents noninduced fraction. Arrows represent expected molecular mass of NFI fusion proteins. Figure 2 . Specificity of NFI immune serum. Protein used in the immunization process and rat liver nuclear extract were separated by SDS-PAGE, transferred to nitrocellulose membrane and detected either by preimmune, or immune rabbit serum. The signals are clearly present after detection by immune serum only. Multiform appearance of NFI from rat liver nuclear extract is in agreement with its nature (sizes from 30 to 70 kDa) and our previous observations (Luciakova et al. 2003). gest that extraction of expressed NFI protein in the presence of detergents used in this experiment results in higher protein solubility but the protein may not be folded properly.
Attempts to purify recombinant and soluble NFI proteins by the simple use of affinity tags were not successful. On the other hand, endogenous NFI protein was previously isolated from mammalian nuclear extracts using immobilized heparin (Gao et al. 1996; Luciakova et al. 2003; Barath et al. 2004 ). Heparin is a well known ligand for DNA binding proteins, growth factors, coagulation protein synthesis factors and steroid receptors and is used especially for purification of low abundance proteins (Xiong et al. 2008) . For purification of recombinant NFI we modified the following parameters of protein expression and purification scheme: i) for single protein preparation, an increased volume of bacterial culture (2 liters) induced by IPTG at 25°C was used; ii) cells were disrupted by combination of lysozyme treatment and sonication; iii) Tween 20 was present in all purification buffers. This mild detergent was originally used to solubilize membrane proteins during extraction process but was also described to prevent protein adsorption to column surfaces (Robinson et al. 2004) . Bacterial lysate was applied to Heparin-Sepharose column and eluted in two subsequent steps with buffers containing 0.25 mol/dm 3 and 0.55 mol/dm 3 NaCl, respectively (Fig. 4A, lanes E1 and E2) . . Each salt fraction was further purified on NiSepharose (Ni-S) and Glutathione-Sepharose (GSH-S) columns; P, pellet -insoluble fraction; S, protein sample applied on the column; FT, flowthrough -unbound fraction; E, eluted fraction. Arrow represents the predicted molecular mass of the NFI-A1 fusion protein. B. Western blots of recombinant NFI-A1 purified on Heparin-S and Ni-S as in A, using NFI-B2 DBD antibody prepared in this paper. C. SDS-PAGE analysis of purified NFI-A1, -B2, -C2, -X1 fusion proteins. All of these proteins were purified on Heparin-S (high salt elution) and subsequently on Ni-S. Aliquots from Ni-S elution were analyzed by SDS-PAGE. Arrowheads represent the predicted molecular masses of the NFI fusion proteins.
Each salt fraction was further purified on Ni-Sepharose and Glutathione-Sepharose columns. Purification progress was monitored by SDS-PAGE with CBB and immunodetection ( Fig. 4A and B) . The results show that even though the higher salt heparin fraction E2 contained less total protein, it was enriched in the recombinant NFI (Fig. 4A ). Western blot analysis shows the presence of NFI protein also in the lower salt heparin fraction E1 but only after purification/concentration on Ni-Sepharose (Fig. 4B) . After successful purification of recombinant NFI-A1, we applied the described protocol to the remaining NFI isoforms (NFI-B2, -C2, and -X1). The samples eluted from the Ni-Sepharose were separated by SDS-PAGE and stained with CBB. Purified recombinant NFI proteins appeared in multiple forms (Fig. 4C) . The size of the largest polypeptides corresponds to predicted molecular masses of the intact NFI isoforms. Shorter forms most likely result from the Cterminal truncation, since the purification tags crucial for the affinity purification are located at the N-terminus of the fusion proteins. Overall protein purification yield was very low ranging from 3 to 10 μg of purified recombinant NFI protein from 1 litre of bacterial culture.
To test if purified NFI proteins had proper conformation and were not denaturated, we performed assays based on monitoring specific protein-DNA interactions. The recombinant protein purified on heparin and nickel columns recognized specific radiolabeled NFI oligonucleotide in EMSA (Fig. 5A, lane 2) . The specificity of the interaction was further confirmed in competition experiment where the mutated probe failed to disrupt created protein-DNA complex (Fig. 5A, lanes 3 and 4) . In addition, the presence of NFI was confirmed by supershift experiment using specific NFI antibodies (Fig. 5A, lane 5) .
Furthermore, we performed DNase I protection assay to verify the specificity of purified NFI protein to recognize its target promoter sequence. Promoter region of human ANT2 gene spanning the nucleotides -546/-235 contains two NFI binding sites (Barath et al. 1999b (Barath et al. , 2004 . As shown in Fig. 5B , binding of the recombinant NFI protein to the labeled ANT2 promoter fragment leads to specific protection (footprint pattern). Protected regions correspond to Site-1 and Site-2 of the ANT2 promoters which were identified during previous studies and which were shown to bind native NFI from the nuclear extracts of mammalian cells (Barath et al. 2004 ).
Discussion
NFI has recently been shown to act as an active repressor of two growth-regulated genes, ANT2 and p21 (Luciakova et al. 2003; Ouellet et al. 2006) . We have recently shown that NFI exerts its repressor function in association with the Smad and Sp1/3 transcription factors (Luciakova et al. 2008) . In order to find other proteins interacting with NFI under different growth conditions, we attempted to perform large scale proteomic studies. To do so, it was of great importance to obtain the full-length functional protein. Therefore, the aim of this work was to express and purify recombinant NFI fusion proteins that could be used for functional and structural studies. NFI has been previously isolated from mammalian nuclear extracts (Nagata et al. 1982; Gander et al. 1988; Luciakova et al. 2003) . However, transcription factors purified from the native source do not contain any tags required for proteomic studies. Moreover, bacterial expression systems are faster and cheaper than any other expression systems, and suitable for purification of proteins in higher amounts. On the other hand, bacterial protein production is accompanied by disadvantages. Proteins do not form disulfide bonds, or A. EMSA and supershift analysis was performed with 10 ng of recombinant NFI-A1 and 32 P labeled probe containing a NFI bipartite consensus binding sequence (NFI wt). Wild type (wt) or mutated (mut) competitor unlabelled probe was added in 50-fold excess. Supershift was performed with 2 μg of NFI-B2 DBD antibody prepared in this paper. Arrow represents the NFI-A1 specific shift, asterisk represents the supershifted protein. B. Binding of purified, recombinant NFI-A1 to promoter region of human ANT2 gene spanning the nucleotides -546/-235 was monitored by in vitro DNase I protection assay. Fusion protein, as well as NFI-A1 void of purification tags (cleaved off by TEV protease), were tested. Only the coding strand is shown. H, hypersensitive sites; P, protected area. perform posttranslational modifications, are often misfolded, or insoluble (for review, see Sahdev et al. 2008) . High level protein expression is facilitated by the use of strong promoters, and results often in accumulation of insoluble protein aggregates in inclusion bodies (Baneyx 1992; Villaverde and Carrio 2003) . Adding a tag can improve the solubility of the fusion protein. GST (Cabrita et al. 2006) or thioredoxin tag (Hammarström et al. 2002) are better than other tags (Niiranen et al. 2007 ) for expression of eukaryotic proteins. In addition, GST serves as affinity tag and facilitates immobilization of the fusion protein on solid support. Therefore, we have chosen combination of GST-and His-tags. His-tag is often used as it is too small to affect the structure or activity of proteins. However, addition of histidine tag may result in lower expression levels of the tagged protein compared to untagged (Gaberc-Porekar et al. 1999) .
Standard IPTG-induced protein expression, even at lower temperatures did not result in production of soluble proteins. Therefore, we have changed the IPTG-induced expression to autoinduction. Induction by lactose is not immediate because the switch from glucose to lactose metabolism occurs gradually. This often leads to improved solubility of recombinant proteins (Studier 2005) . On the other hand, several authors observed that autoinduction did not yield higher solubility of the target protein (Berrow et al. 2006) . Similar results were observed also for NFI proteins (Fig. 1) .
After optimization of the protein extraction conditions, NFI fusion proteins were first isolated under native conditions on Ni-Sepharose. However, such isolation procedure did not lead to NFI protein of high purity. Eluted fraction contained contaminating bacterial proteins, which were not eliminated by modifications of binding and elution conditions (data not shown). This was probably due to low amount of recombinant protein in bacterial lysate which allowed a prevalence of nonspecific interactions of native bacterial proteins with the resin. Prepurification of bacterial lysate on heparin column enriched the eluted protein sample (E2) in DNA binding proteins, including recombinant NFI. The following immobilized metal affinity chromatography resulted in purified NFI void of contaminating bacterial proteins. Similar procedure was applied in case of purification of overexpressed His-tagged Nef protein encoded by HIV-1 (Finzi et al. 2003) .
Recombinant NFI proteins exhibit proteolytic instability (see Fig. 4C ). Such instability of the target proteins fused with GST was previously reported by other authors (Rosales and Lee 2000; de Marco et al. 2004; Martínez-Torrecuadrada et al. 2005) . Possible reasons for the presence of the truncated fusion proteins are GST dimerisation, the presence of an intrinsically fragile linker between the GST and the target protein, and unstable binding of the fusion mRNA to the ribosomes (de Marco et al. 2004 ). This instability can be eliminated by changing the GST to another fusion tag. For example, de Marco et al. (2004) successfully used NusA instead of GST to enhance solubility and to eliminate production of truncated form. This might represent an option for future expression trials even though molecular mass of the NusA fusion with intact NFI proteins would exceed 100 kDa.
Purified recombinant NFI protein was able to recognize both consensus NFI oligonucleotide as well as specific DNA sequence within the human ANT2 promoter. This together with ability of GST-NFI to bind glutathione resin suggests that all segments of the fusion protein are folded in their native state. Therefore, this recombinant protein is suitable for protein pull-downs from mammalian nuclear extracts as it was previously reported for GST-tagged estrogen receptor (Yanagisawa et al. 2002) . Identification of NFI interacting partners will clarify the role of this transcription factor in developmental pathways and might provide explanation for different functions of individual isoforms.
